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To d a t e ,  about 400 of t h e  myriad substances contained i n  c o a l  tar  have been 
d e f i n i t e l y  i d e n t i f i e d .  Th i s  f i g u r e  may seem smal l  compared t o  t h e  10,000 est imated 
t o  be i n  tar b u t  it probably inc ludes  a l l  the  components t h a t  w i l l  be used commer- 
c i a l l y  as such s i n c e  some of t h e  c o n s t i t u e n t s  are p r e s e n t  in extremely small amounts. 
The compounds v h i c h  have been i d e n t i f i e d  a r e  e i t h e r  t hose  which are p resen t  i n  the  
l a r g e s t  amounts o r  those which are r e l a t i v e l y  easy t o  i s o l a t e .  It should be remem- 
bered that  t h e  composition of t h e  lower b o i l i n g  f r a c t i o n s  is more completely under- 
s tood than is  t h a t  of t he  h ighe r  b o i l i n g  f r a c t i o n s  and o f  c o a l  tar  p i t ch - - the  d i s t i l -  
l a t  ion r e s idue  . 

The composition of c o a l  tar  v a r i e s  g r e a t l y .  It  is in f luenced  by the type 
of coking c o a l  employed, by the  coking process  and by t h e  coking temperature .  
t a r  undergoes c e r t a i n  changes i n  composition on d i s t i l l a t i o n  and t h e  y i e l d  of v a r i s u s  
c o n s t i t u e n t s  is in f luenced  by t h e  d i s t i l l a t i o n  process  used. 

F u r t h e r ,  

The development of gas chromatography has g r e a t l y  f a c i l i t a t e d  t h e  quant i -  
t a t i v e  de t e rmina t ion  of c o a l  tar  c o n s t i t u e n t s .  It proved to be an almost i dea l  method 
of i w e s t i g a t i n g  t a r  and i ts  f r a c t i o n s ,  and has g e n e r a l l y  superseded o the r  a n a l y t i c a l  
mechods t h a t  were less a c c u r a t e  and more t ed ious .  The fo l lowing  q u a n t i t a t i v e  d a t a  on 
t h e  occurrence of compounds i n  c o a l  tar  were l a r g e l y  obtained wi th  t h e  a i d  of gas 
chromatography. It should be noted t h a t  t h e s e  d a t a  r e l a t e  t o  high-temperature tar  
from s o f t  c o a l  of t h e  Ruhr area processed by continuous vacuum d i s t i l l a t i o n .  

F i g u r e  1 is  a gas  chromatogram of such tar .  The i n d i v i d u a l  peaks r e p r e s e n t  
t h e  most important  c o n s t i t u e n t s  from indene ( b o i l i n g  p o i n t  a t  one atmosphere: 183.1"C) 
t o  coronene ( b o i l i n g  p o i n t  a t  one atmosphere: 525°C) i n  the o r d e r  o f  t h e i r  b o i l i n g  
ranges.  As this  is a schematic  diagram covering the  whole t a r ,  not  a l l  t h e  quant i -  
t a t i v e l y  important  compounds are ind ica t ed  by s e p a r a t e  peaks.  For i n s t a n c e ,  t he  
peaks of 1- and 2-methylnaphthalene and a l s o  those  of phenanthrene and anthracene co- 
i nc ide .  A more d e t a i l e d  gas chromatographical a n a l y s i s  of  t h e  tar  would separate 
these  isomers.  However, s i n c e  gas chromatograms become l e s s  e a s i l y  followed a s  t h e  
number of peaks i n c r e a s e s ,  f u r t h e r  diagrams w i l l  not  be shown. 

All t o g e t h e r ,  t h e  compounds i d e n t i f i e d  t o  d a t e  make up about  55 per  c e n t  
of the tar .  In a d d i t i o n ,  tar  con ta ins  about 2 p e r  c e n t  of r e l a t i v e l y  high-molecular- 
weight ,  s o o t - l i k e  compounds t h a t  cannot be d i s so lved  o r  d i s t i l l ed - -mak ing  ir: impos- 
s i b l e  t o  determine t h e i r  composition by chemical methods. Thus it is  apparent t h a t  
only a small p e r  c e n t  of t h e  number of compounds be l i eved  t o  be p re sen t  i n  coal  tar  
have been i d e n t i f i e d ;  t hose  t h a t  have been i d e n t i f i e d  r e p r e s e n t  a ve ry  s i g n i f i c a n t  
p o r t i o n  of t h e  tar .  

According t o  p r e s e n t  knowledge, a maximum o f  e l even  compounds occur i n  c o a l  
tar  i n  p ropor t ions  g r e a t e r  than 1 pe r  c e n t .  Except ing the  two methylnaphthalenes,  a l l  
of them are n o n s u b s t i t u t e d ,  aromatic  substances without  f u n c t i o n a l  groups.  The 
th ree  compounds p r e s e n t  i n  t h e  largest p ropor t ions  are a b i n u c l e a r ,  a t r i n u c l e a r ,  and 
a quadr inuc lea r  hydrocarbon. 
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Table I 

Compounds Present  i n  Coal Ta r  in Amounts 
Grea ter  Than 1 Per  Cent 

Compound Per  Cent 

Naphthalene 
Phenanthrene 
Fluoranthene 
Pyrene 
Fluorene 
Chrysene 
Anthracene 
Carbazole 
2-Methylnaphthalene 
Dibenzofuran 
1-Methylnaphthalene 

10 
5 
3 . 3  
2.1 
2.0 
2.0 
1.8 
1.5 
1.4 
1.0 
1.0 

U n t i l  q u i t e  r e c e n t l y  c o a l  tar has been the only source  of aromatic  compounds. 
The s l i g h t  ex ten t  t o  which t h i s  source  has been e x p l o i t e d ,  however, is not  widely 
known. Of the  e leven  most abundant c o n s t i t u e n t s  of coa l  t a r ,  only two--naphthalene 
and anthracene--are  being used on Large s c a l e  as  pure products f o r  chemical processes .  
Cont ras ted  with naphthalene,  a lmost  a l l  of which is recovered and f u r t h e r  processed,  
an thracene  is used only t o  a l i m i t e d  e x t e n t  i n  t h e  chemical i n d u s t r y ,  a l though t h e  
amount has increased r e c e n t l y .  This  paper is not  concerned, however, w i t h  compounds 
now used t e c h n i c a l l y  on a r e l a t i v e l y  l a r g e  s c a l e ,  but  with t h e  s t i l l  untapped p o s s i -  
b i l i t i e s  of coal  t a r .  What c o a l  t a r  c o n s t i t u e n t s  have been used widely i n  t h e i r  pure 
form? Compared t o  t h e  p o t e n t i a l ,  t h e  number i s  extremely smal l :  besides  naphthalene 
and an thracene ,  t h e  l i s t  inc ludes  only phenol and i ts  homologs ( c r e s o l s  and x y l e n g l s ) ;  
p y r i d i n e  and i t s  homologs; and q u i n o l i n e .  With both phenol and pyr id ine  homologs, m i x -  
t u r e s  and not  pure products  a r e  f r e q u e n t l y  used. Never the less ,  i t  should not be con- 
cluded t h a t  l i t t l e  a t t e m p t  has been made over t h e  years  t o  e x p l o i t  the  chemical pocen- 
t i a l i t y  of t a r .  

Most organic  i n d u s t r i a l  p rocesses  f o r  the  manufacture of s y n t h e t i c  f i b e r s ,  
r e s i n s ,  p e s t i c i d e s ,  d y e s t u f f s ,  d r u g s ,  e t c .  employ s m a l l ,  r e a c t i v e  b u i l d i n g  blocks from 
which t h e  end products  a r e  s y n t h e s i z e d .  When c o a l  t a r  components a r e  smal l  and reac-  
t i v e ,  as phenol and t h e  p y r i d i n e  bases, they meet t h e s e  requirements  and are used. 
But most of t h e  compounds p r e s e n t  i n  c o a l  tar have r e l a t i v e l y  l a r g e  molecules without 
f u n c t i o n a l  groups and a r e  q u i t e  i n e r t  chemical ly .  This  is why--what seems s u r p r i s i n g  
a t  f i r s t  glance--of t h e  e l e v e n  most abundant c o n s t i t u e n t s  of c o a l  t a r ,  only two f ind  
wide a p p l i c a t i o n .  Naphthalene,  the c h i e f  c o n s t i t u e n t ,  is a noteworthy except ion  
among the  t a r  a iomat ics .  It  has  become a va luable  r a w  m a t e r i a l  because,  f o r t u n a t e l y ,  
i t  can be oxidized i n  h i g h  y i e l d  t o  p h t h a l i c  anhydride.  

Conditions may seem l e s s  favorable  when w e  cons ider  the  o t h e r  a romat ics ,  

C e r t a i n l y  i n  
but  it never the less  would seem a d v i s a b l e  t o  i n v e s t i g a t e  t h e  var ious  p o s s i b i l i t i e s  
o f f e r e d  by these raw materials which a r e  a v a i l a b l e  i n  such q u a n t i t y .  
r e c e n t  years  remarkable p r o g r e s s  h a s  been made i n  recovery techniques ,  so t h a t  today 
most of t h e  products a r e  a v a i l a b l e  i n  purer  grades and a t  lower p r i c e s  than  a few 
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years  ago. Although t h i s  has  l e d  t o  a g r a t i f y i n g  i n c r e a s e  i n  sales,  t h e r e  is s t i l l  
no real is t ic  comparison between t h e  demand f o r  most products  and t h e  q u a n t i t i e s  t h a t  
could b e  produced. 

Phenanthrene 

Phenanthrene, t he  second l a r g e s t  c o n s t i t u e n t  of c o a l  t a r ,  s t i l l  has not been 
used t o  any apprec iab le  e x t e n t  though t h e  phenanthrene s k e l e t o n  u n d e r l i e s  mul t i t ud in -  
ous hydroaromatic compounds widely d i s t r i b u t e d  i n  n a t u r e  and having g r e a t  physiolog- 
i ca l  s i g n i f i c a n c e .  These n a t u r a l  products  include:  resin a c i d s ,  morphine, s t e r o l s ,  
b i l e  a c i d s ,  d i g i t a l i s  g lycos ides ,  s ex  hormones, and a n t i r a c h i t i c  v i t amins .  

There is an  e x t e n s i v e  l i t e r a t u r e  on the  chemical r e a c t i o n s  of phenanthrene-- 
such as ha logena t ion ,  n i t r a t i o n ,  s u l f o n a t i o n ,  a l k y l a t i o n ,  ch lo romethy la t ion ,  metal-  
l i z a t i o n ,  hydrogenation, and oxidat ion--with numerous uses  proposed f o r  che r e a c t i o n  
products .  Uses such as i n  t h e  manufacture of resins, d y e s t u f f s ,  d r u g s ,  p l a s t i c i z e r s ,  
and--as s o l i d  c h l o r i n a t i o n  products--nonflammable e lectr ical  i n s u l a t o r s  and impreg- 
nan t s .  

About 10 m i l l i o n  tans of crude tar  are d i s t i l l e d  annua l ly  i n  the  Western 
World. Assuming t h a t  this e n t i r e  output  has t h e  same phenanthrene con ten t  as coal  
tar  from t h e  Ruhr area, o r  5 per  c e n t ,  and t h a t  about h a l f  of the phenanthrene could 
be recovered,  the impressive q u a n t i t y  of 250,000 tons of phenanthrene y e a r l y  would be 
a v a i l a b l e .  Sepa ra t ion  on a l a r g e  scale would, of cour se ,  r e s u l t  i n  lower product ion 
c o s t s .  S ince  phenanthrene has  a h ighe r  b o i l i n g  p o i n t  than naphthalene and because 
i t  i s  more d i f f i c u l t  t o  recover ,  i t  will always be more expensive,  but i f  produced 
on t h e  same s c a l e  as naphthalene,  i t s  p r i c e  would be much lower than i t  is a t  the 
p re sen t  t i m e .  

By analogy t o  naphthalene,  i t  may be expected t h a t  phenanthrene can be 
oxidized t o  produce a b iva len t  a c i d ,  d iphen ic  a c i d ,  which i f  cheap enough could be 
used i n  the  manufacture of s y n t h e t i c  r e s i n s  and p l a s t i c i z e r s .  

Diphenic a c i d  is a l r e a d y  being produced from phenanthrene,  bu t  so far t h e r e  
has been no success  i n  developing a s imple commercial process  wi th  a h igh  y i e l d  f o r  
the conversion of phenanthrene i n t o  d iphen ic  a c i d  o r  i t s  anhydride.  The process  cur-  
r e n t l y  followed g ives  no t  on ly  d iphen ic  a c i d  bu t  a l s o  cons ide rab le  amounts of o the r  
ox ida t ion  products .  Because of t h e  poor y i e l d  and t r o u b l e  wi th  subsequent p u r i f i c a -  
t i o n ,  d iphen ic  ac id  i s  c u r r e n t l y  p r i ced  so  high t h a t  i t  is used only f o r  s p e c i a l i z e d  
purposes .  However, much r e sea rch  is going i n t o  t h e  problem, so t h e r e  a r e  good pros- 
c e c t s  t h a t  an  economic p rocess  w i l l  be developed be fo re  long. As soon as one ap- 
p l i c a t i o n  of phenanthrene ga ins  i n d u s t r i a l  importance,  t h e  p r i c e  r educ t ion  w i l l  open 
up a d d i t i o n a l  markets where phenanthrene has  been unable t o  compete f o r  price reasons.  

Fluoranthene 

While i t  is w e l l  known t h a t  l a r g e  amounts o f  phenanthrene a r e  a v a i l a b l e  
from c o a l  tar ,  we seem t o  be less prone t o  r e a l i z e  t h a t  next  t o  naphthalene and phe- 
nan th rene ,  f luoranthene i s  the  most abundant c o a l  t a r  c o n s t i t u e n t .  Assuming the  



cond ic ions  descr ibed f o r  phenanthrene recovery,  Eluoranthene is  a v a i l a b l e  i n  t h e  
amounr of 165,000 tons y e a r l y  a s  a raw aater ia l .  The f a c t  t h a t  organic  chemistry 
t r e a t i s e s  f r equen t ly  ignore  f luo ran thene  e n t i r e l y  o r  mention i t  only i n  marginal 
n o t e s ,  shows how neglected the compound has been. Nevertheless ,  Eluoranthene has  
a n  advantage over phenanthrene s i n c e ,  l i k e  naphthalene,  it can be r e a d i l y  obtained 
from the appropr i a t e  f r a c t i o n  i n  a high p u r i t y ,  because t h e  f luoranthene f r a c t i o n  
has  no s i g n i f i c a n t  con ten t  o f  material less s o l u b l e  than f luoranthene o r  which forms 
mixed c r y s t a l s  w i t h  it .  

Thus Eluoranthene i s  o f f e r e d  i n  t e c h n i c a l  grade i n  a p u r i t y  of 97-98X"  
As wi th  phenanthrene, mass p roduc t ion  could reduce its p r i c e  cons ide rab ly .  

Coal tar  i s  now u s u a l l y  processed by continuous d i s t i l l a t i o n .  The f r a c t i o n s  
r ecove red ,  i n  t he  o rde r  of t h e i r  b o i l i n g  r anges ,  are:  water, l i g h t  o i l ,  middle o i l  
( c a r b o l i c  o i l ) ,  naphthalene o i l ,  wash o i l ,  low-boiling anthracene o i l ,  h igh-boi l ing 
an th racene  o i l ,  and p i t c h  ( d i s t i l l a t i o n  r e s i d u e ) .  Other c l o s e l y  c u t  d i s t i l l a t e  f r ac -  
t i o n s  y i e l d i n g  concen t r a t e s  of o t h e r  main c o n s t i t u e n t s  could be sepa ra t ed  i n  t h e  same 
way as t h e  naphthalene f r a c t i o n  i n  t h e  primary d i s t i l l a t i o n .  However, s i n c e  the lar- 
g e s t  p a r t  o f  coal  tar  d i s t i l l a t e  i s  used a s  c r e o s o t e ,  a broad complicated mixture of 
compounds, t h i s  t ype  of  d i s t i l l a t i o n  is no t  p r o f i t a b l e  o r  g e n e r a l l y  p r a c t i c e d .  

Fluoranthene is a c o n s t i t u e n t  of t he  high-boi l ing anthracene o i l ,  and t o  
a l e s s e r  ex ten t  of t h e  p i t c h .  
an th racene  o i l  must be d i s t i l l e d  f u r t h e r .  Th i s  y i e l d s  a number of o t h e r  f r a c c i o n s ,  
t h e  most important one be ing  t h e  pyrene ( b o i l i n g  po in t s  a t  one atmosphere: pyrene, 
393OC; f luo ran thene ,  3 8 3 . 5 " C ) .  Fluoranthene c o s t s  would be much lower i f  t he  pyrene 
f r a c t i o n  could a l s o  be used i n s t e a d  of being r e tu rned  t o  the  high b o i l i n g  anthracene 
o i l .  (The co-product problem becomes more complex and important as t h e  amount of the 
d e s i r e d  m a t e r i a l  i n  t he  tar  becomes less .  I n  p r a c t i c e ,  only the  two mDSt abundant 
c o n s t i t u e n t s ,  naphthalene and phenanthrene, are f r e e  of t h i s  burden).  

To o b t a i n  the f luo ran thene  f r a c t i o n ,  t h e  h i g h - b o i l k g  

Compared t o  phenanthrene,  the l i t e r a t u r e  on the  chemical r e a c t i o n s  of 
f l u o r s n t h e n e  is l i m i t e d .  Halogenat ion,  n i t r a t i o n ,  s u l f o n a t i o n ,  hydrogenat ion,  oxi-  
d a t i o n ,  and condensat ion w i t h  p h t h a l i c  anhydride and a c i d  ch lo r ides  are r e p o r t e d ,  
Desp i t e  t h e  symmetry of its molecule,  f l uo ran thene  is not  chemically i n e r t !  Since 
f luo ran thene  i s  r e a d i l y  a c c e s s i b l e  i n  a high p u r i t y  and is r e l a t i v e l y  r e a c t i v e ,  why 
has  i r  had no important p r a c t i c a l  a p p l i c a t i o n  t o  d a t e ?  Probably because the  compound 
f a i l e d  t o  a t t r a c t  t he  a t t e n t i o n  of chemists i n  the p a s t  and s i n c e  the e a s e  of i t s  r e -  
covery w a s  not f u l l y  a p p r e c i a t e d .  An examination of its r e a c t i o n s  sugges t s  f l u o r -  
anthene could perhaps be used as a s t a r t i n g  p o i n t  f o r  t he  syn thes i s  of drugs and. 
p a r t i c u l a r l y  of d y e s t u f f s .  

The price of f luo ran thene  would be the determining f a c t o r  i n  the  commer- 
c i a l i z a t i o n  of any dye d e r i v e d  from i t  and the  p r i c e  could be reduced only i f  a 
c e r t a i n  minimum sales o u t l e t  were assured.  A s  f a r  a s  w e  know a t  t he  p re sen t  t i m e  
t h e  o x i d a t i o n  type r e a c t i o n s  are not  as promising as wi th  naphthalene o r  phenan- 
th rene  because no ncvel  mu l t i ca rboxy l i c  ac ids  have been made from i t .  
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Pyrene 

Unlike phenanthrene and f luoranthene ,  pyrene is a l r e a d y  being used a s  a raw 
m a t e r i a l  on a very modest s c a l e  compared t o  t h e  p o t e n t i a l  100,000 tons  a year  which 
is  a v a i l a b l e .  The chemistry of pyrene has  been e x t e n s i v e l y  i n v e s t i g a t e d  (ha logenat ion ,  
n i t r a t i o n ,  hydrogenat ion,  o x i d a t i o n ,  s u l f o n a t i o n ,  condensat ion,  etc.). A l a r g e  number 
of condensat ion r e a c t i o n s  have been repor ted  and deserve  s p e c i a l  mention, These i n -  
c lude not  on ly  condensat ion wi th  p h t h a l i c  anhydride but  a l s o  w i t h  a c e t i c  anhydride,  
benzoyl c h l o r i d e ,  d i a z o a c e t i c  e s t e r ,  dichlorodiphenylmethane, g l y c e r i n ,  cyanuric  
c h l o r i d e ,  and formylmethylani l ine.  

t The p o s s i b i l i t y  of combining t h e  product ion of f luoranthene  and pyrene 
I ( b o i l i n g  p o i n t s  a t  one atmosphere: f l u o r a n t h e n e ,  383.5"C; pyrene ,  393.5'C) has a l -  

, i s  more complicated because i t s  f r a c t i o n  has some s l i g h t l y  s o l u b l e  components b o i l i n g  

ready been d iscussed  under f luoranthene .  As i n  t h e  c a s e  of f l u o r a n t h e n e ,  pyrene i s  
found i n  both  t h e  h igh-boi l ing  an thracene  o i l  and p i t c h .  However, recovery of pyrene 

c l o s e  t o  pyrene,  inc luding  1,2-benzodiphenylene oxide and 2,3-benzodiphenylene oxide.  
These are troublesome and expensive t o  remove. This  e x p l a i n s  t h e  f a c t  t h a t  pyrene is  

I no t  o r d i n a r i l y  o f f e r e d  i n  as h igh  a p u r i t y  as f luoranthene .  The t e c h n i c a l  grades a v a i l -  
I a b l e  have a pyrene conten t  of on ly  90-95%. 

It is d i f f i c u l t  t o  f o r e c a s t  i f  pyrene ,  so  f a r  used mainly as a s t a r t i n g  
material f o r  the  s y n t h e s i s  of d y e s t u f f s ,  w i l l  become important  i n  o t h e r  f i e l d s .  With 
s u c c e s s f u l  u t i l i z a t i o n  of f luoranthene  as a chemical raw material, t h e  market out iook 
f o r  pyrene would undoubtedly improve. Many p o s s i b i l i t i e s  f o r  i t s  use are c u r r e n t l y  
bar red  b y . i t s  h igh  price. Even i f  pyrene and f luoranthene  recovery  are combined, how- 
e v e r ,  pyrene product ion  c o s t s  would be reduced only  s l i g h t l y  because,  as previous ly  
mentioned, i t  is harder  to upgrade t h e  pyrene f r a c t i o n  than  t h e  f luoranthene  f r x t i o n .  

, 
I 

t 
Like phenanthrene,  t h e r e  are i n t e r e s t i n g  o x i d a t i o n  products  of pyrene,  

such as 4,5-phenanthrenedicarboxylic a c i d  and 1,4,5,8-naphthaienetetracarboxy?ic a c i d .  

\ Kaphthalenetetracarboxylic a c i d  would be a p a r t i c u l a r l y  promisrcg pyrene 
d e r i v a t i v e  i f  t h e r e  w e r e  a s imple o x i d a t i o n  process  a v a i l a b l e  g i v i n g  a h igh  y i e l d  of 
the  a c i d .  Experiments d i r e c t e d  t o  thk end have n o t  y e t  g iven  reason  f o r  optimism. 

!, Fluorene 
, I  

Wash o i l  b o i l s  between 230°C and 300°C; f l u o r e n e ,  occur r ing  i n  tar  i n  about  
t h e  same propor t ion  as pyrene,  has  t h e  h i g h e s t  b o i l i n g  p o i n t  of main c o n s t i t u e n t s  i n  
t h i s  f r a c t i o n .  Acenaphthene and dibenzofuran (diphenylene oxide)  b o i l  s l i g h t l y  below 
f l u o r e n e  ( b o i l i n g  p o i n t s  a t  one atmosphere: acmaphthene ,  278.2"C; dibenzofuran ,  
285.1"C; f luorene ,  297.9OC). It i s ,  t h e r e f o r e ,  convenient  t o  c o n s i d e r  the  t h r e e  t o -  

b g e t h e r .  However, f luorene  and d ibenzofuran  must be c a r e f u l l y  s e p a r a t e d  by d i s t i l l a -  
t i o n  because they form a cont inuous series of s o l i d  s o l u t i o n s  which,  of course ,  can- 
not  be s e p a r a t e d  by c r y s t a l l i z a t i o n  techniques .  

\ '  
b -Format ion  of  mixed c r y s t a l s  is common among t h e  c o n s t i t u e n t s  of c o a l  t a r .  

Phenanthrene and an thracene ,  phenanthrene and c a r b a z o l e ,  and chrysene and 1 , 2 -  
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benzanthracene are o t h e r  q u a n t i t a t i v e l y  important compounds which form a continuous 
s e r i e s  of  mixed c r y s t a l s  c h a r a c t e r i z e d  by a curve having no maximum o r  minimum be- 
tween t h e  f r eez ing  p o i n t s  of  t he  pure components. The formation of  mixed c r y s t a l s  
between phenanthrene, an th racene  and ca rbazo le  is the main reason t h a t  phenanthrene 
is more d i f f i c u l t  t o  p u r i f y  than  naphthalene.  

Fluorene is  t h e  f i r s t  of t h e  coa l  tar  c o n s t i t u e n t s  d i scussed  s o  f a r  t o  have 
a r e a c t i v e  group: i n  t h i s  c a s e  t h e  methylene group between the two benzene r i n g s  has  
h igh ly  r e a c t i v e  hydrogen atoms. In s p i t e  of  numerous r eac t ions  desc r ibed  i n  the  l i tera-  
t u r e  and numerous uses sugges t ed ,  such  as the  manufacture of c leaning and we t t ing  
a g e n t s ,  t e x t i l e  a u x i l i a r i e s ,  pharmaceut icals ,  d i s i n f e c t a n t s ,  p s s c i c i d e s ,  d y e s t u f f s ,  
l i q u i d  s c i n t i l l a t o r s ,  and t h e r m o p l a s t i c  r e s i n s ,  a l l  a t t empt s  t o  promote widescale  
development of f luo rene  a s  a chemical raw material have been u n f r u i t f u l  t'3 d a t e .  
Recent developments i n d i c a t e  t h a t  there may be an o u t l e t  i n  drug s y n t h e s i s  because 
pharmacological substances c u r r e n t l y  being t e s t e d  have been obtained from f luorenone,  
a product r e a d i l y  prepared from f luo rene .  

Chrvsene 

Chrysene, t h e  most abundant c o n s t i t u e n t  of coa l  tar  p i t c h ,  is a l s o  found i n  
smaller amounts i n  h igh -bo i l ing  anthracene o i l .  
(440.7OrJ a t  one atmosphere) and t h e  e x t r a o r d i n a r i l y  high-melting p o i n t  ( 2 5 S ° C ) ,  t h e  
product is hard t o  recover  i n  i t s  pu re  form. The s t a r t i n g  p o i n t  f o r  chrysene pro- 
duc t ion  is usua l ly  t h e  d i s t i l l a t e  from the manufacture of  hard p i t c h ,  though p i t c h  
coke oil from t h e  coking o f  ha rd  p i t c h  is also r i c h  in chrysene.  

Because of a high-boi l ing po in t  

Provided t h a t  s u i t a b l e  a p p l i c a t i o n s  can be found, t h e r e  seems t o  b e  no 
reason why a l l  of t h e  compounds d i scussed  up t o  this  po in t  should n o t  be used on 
l a r g e  s c a l e  i n d u s t r i a l l y .  There is, however, less chance f o r  chrysene d e s p i t e  t he  
f a c t  t h a t  i t s  occurrence i n  c o a l  tar  is about the same as t h a t  of f l uo rene  and pyrene. 
P u r i f i c a t i o n  of chrysene is more d i f f i c u l t  and t h e  higher  c o s t  of the compound w i i i  
be a s e r i o u s  handicap t o  i t s  broad u t i l i z a t i o n .  Chrysene d e r i v a t i v e s  have been used 
t o  some e x t e n t  i n  u l t r a v i o l e t  f i l t e r s  and s e n s i t i z e r s .  

Carbazole  

Carbazole,  q u a n t i t a t i v e l y  t h e  most important h e t e r o c y c l i c  c o n s t i t u e n t  of 
tar  w a s ,  u n t i l  r e c e n t l y ,  s o l d  i n  l a r g e  q u a n t i t i e s .  It is recovered as a co-product 
i n  anthracene p u r i f i c a t i o n .  It w a s  used f o r  the product ion of d y e s t u f f s  and p e s t i -  
c i d e s .  

When fused w i t h  p o l y s u l f i d e  i n  bu tano l  o r  roas t ed  with p o l y s u i f i d e  i n  the 
presence of organic  bases  s u c h  as benz id ine ,  t he  3-(4'-hydroxyphenyl)-arninocarbazoles 
obtained by the  condensat ion of carbazole  wi th  p-ni t rosophenol  y i e l d  t h e  s u i f u r  dya- 
s t u f f ,  hydron blue R ,  o r  when N-ethylcarbazole  i s  employed, hydron blue G ,  2-Xg- 
droxycarbazole-3-carboxylic-acid-p-chloroanilide has become f a m i l i a r  as the browc 
d y e s t u f f ,  naphthol AS-LB. 1,3,6,8-Tetranitrocarbazole became important  as an in- 
s e c t i c i d e  under the  t r a d e  name, Nirosan.  

A 

! 
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F i n a l l y ,  through t h e  product ion  of poly-N-vinylcarbazole a p l a s t i c  has been 
developed from carbazole  having good d i e l e c t r i c  p r o p e r t i e s ,  good chemical r e s i s t a n c e ,  
high s o f t e n i n g  p o i n t ,  and thermal s t a b i l i t y .  This  product  has fotind c o m e r c i s 1  USE 

I n  the  e l e c t r i c a l  i n d u s t r y  ( t r a d e  names f o r  po lyvlnylcarbazole :  Luvican and PoLec-  
t ron)  . 

Unfor tuna te ly ,  the  use  of a l l  t h e s e  i n t e r e s t i n g  d e r i v a t i v e s  has aec i ined  
cons iderably  i n  recent  y e a r s ,  and some manufacturers  of  d y e s t u f f s  now s p e c i f y  t h a t  
t h e  anchracene material suppl ied  t o  them c o n t a i n  less than a c e r t a i n  amount of  car -  
bazole .  

A prognosis  of t h e  market f o r  carbazole  i s ,  t h e r e f o r e ,  d i f f i c u l t ,  I h e r e  i s  
reason f o r  c e r t a i n  optimism about t h e  f u t u r e  o f  carbazole  because it  i s  a co-product 
i n  the  product ion of an thracene  and i t  does have a number of s i g n i f i c a n t  USES.  Vcver- 
t b e l a s s ,  carbazole  s a l e s  can be r e s t o r e d  only w i t h  t h e  development of new U S E S .  

The twn monomethylnaphthalenes are present  i n  tar  i n  very  c o n s l d e r l b l e  
amocnts, w i t h  2-methylnaphthalene predominant. I n  high-temperature  t a r ,  the  r a t l o  
of naphth i lene  t o  t h e  monomethylnaphthalenes is about 421, t h e  lower t h e  cQhmg tem- 
p e r a t u r e ,  t h e  more t h i s  r a t i o  s h i f t s  i n  favor  of t h e  methyl- end dimethy;DaFb:hal~nes. 

The methylnaphthalene f r a c t i o n  is a c o n s t i t u e n t  of t h e  "wash o i l " .  It  is  
d i s t i l l e d  a f t e r  the  naphthalene f r a c t i o n  before  diphenyl  and the  dimethy1vaFhtha;onos. 
Xethylnaphthalene prqduct ion ,  t h e r e f o r e ,  f i t s  n i c e l y  i n t o  recovery of  the  o t h e r  t h r e e ,  

Because of t h e i r  ready a c c e s s i b i l i t y  t h e  rnethyinaFhtha!enes hzvs become more 
imporcant r e c e n t l y ,  even though t h e  q u a n t i t i e s  so ld  are s t i l l  very L i s i t e d .  F:any p n = -  
s i b l e  uses have been proposed For each  isomer; b c t  these  f requencly  over!aF u i i s  F>r  
naFhthalene,  S ince  naphtha lene  is cheaper ,  i c  has  an advantage over  t h e  mooomerhy:- 
nqhtha1ene.s i n  these  cases .  The syntheses  of 1-naphthylace t ic  a c i d  s e r v e s  t o  i l ics t ra te  
s c c h  compet i t ion  between naphthalene and 1-merhylnaphthalene, 1-Naphthylacet ic  a c i d ,  
used as a growth promoter ,  can be made from l-methylnaFhtha?ene by c h l w i n a t z m ,  re-  
actior? w i t h  KZS and subsequent  h y d r o l y s i s .  i t  can a i E o  be made by t h e  chioromethvl3- 
tion of naphthalene fol lawed by t h e  same r e a c t i o n s .  The s y n t h e s i s  s e l e c t e d  then  be- 
come.s a mat te r  of c o s t .  

1-Methylnaphthalene has  an unusual iy  low f r e e z i n g  poin t  (-30.6'c')  which is 
lor;e.red f u r t h e r  in  t h e  t e c h n i c a l  grade by t h e  presence of isomeric  ?-methylnaphtha- 
l e n e .  Because of t h i s  p r o p e r t y  and i ts  high s o l v e n t  power, t h e  a l p h a  isomer is tised 
i s  a s o l v e n t  and as a hea t  t r a n s f e r  o i l .  I t  can  a l s o  be used as a c a r r i e r  i n  tho  
dyeing of p o l y e s t e r  f i b e r s ,  a s  a cetane-number i n d i c a t o r .  It has bean used f o r  de- 
termining t h e  t h e o r e t i c a l  number of t r a y s  i n  d i s t i l l a t i o n  columns. Other suggesLions 
f o r  use  a r e  as an e x t r a c t i o n  agent  f o r  s u l f u r ,  a s  a c o n s t i t u e n t  O E  l i q u i d  d i e l e c t r i c s ,  
and as a s t a r t i n g  material i n  t h e  manufacture of  p l a s t i c i z e r s ,  p e s t i c i d e s ,  p l a s t i c s ,  
and t e x t i l e  a u x i l i a r i e s .  However, t h e s e  sugges t ions  have n o t  been developed t o  any 
s i g n i f k g n t  e x t e n t ,  
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The numerous uses vh ich  have been proposed f o r  2-methylnaphthalene,  i nc lude  
t h e  product ion of d y e s t u f f s ,  t e x t i l e  a u x i l i a r i e s ,  growth i n h i b i t o r s ,  d e t e r g e n t s ,  emul- 
s i f i e r s ,  and we t t ing  agen t s .  The b e t a  isomer is  of importance i n  that  i t s  1,b-quinone 
is a s t a r t i n g  product  fo r  t h e  manufacture of Vitamin K .  

Dibenzofuran (Diphenylene Oxide) 

Dibenzofuran is the most abundant oxygen h e t e r o c y c l i c  compound i n  coa l  tar .  
The analogy i n  composition and occurrence between dibenzofuran and ca rbazo le ,  the most 
important  n i t rogen  h e t e r o c y c l i c ,  is s t r i k i n g .  The presence of dibenzofuran i n  the wash 
o i l  and the  advantages of combining its product ion wi th  t h a t  of f l uo rene  and acenaph- 
t h e m  have a l r eady  been d i s c u s s e d .  

Dibenzofuran is t h e  s k e l e t a l  subs t ance  of morphine. The r e a c t i o n s  of diben-  
zofuran (halogenat ion,  n i t r a t i o n ,  s u l f o n a t i o n ,  methylat ion,  hydrogenat ion,  and conden- 
s a t i o n )  are reported i n  t h e  l i t e r a t u r e .  P o s s i b l e  uses are also desc r ibed ,  such a s  the 
manufacture of d i s i n f e c t a n t s ,  i n s e c t i c i d e s ,  wood and o t h e r  types of p r e s e r v a t i v e s ,  
t e x t i l e  a u x i l i a r i e s ,  s y n t h e t i c  r e s i n s ,  high-temperature l u b r i c a n t s ,  d y e s t u f f s ,  and ad- 
d i t i v e s  f o r  candle mixes. Dibenzofuran has been used t o  some e x t e n t  as a dyes tu f f  
i n t e rmed ia t e .  Because of i t s  h igh  thermal s t a b i l i t y ,  t h e  product  is s u i t a b l e  f o r  
h e a t  t r a n s f e r  media a l though  i t s  h i g h  me l t ing  p o i n t  (f82'C) is  an  ob jec t ion .  

An i n t e r e s t i n g  d e r i v a t i v e  of dibenzofuran is o,o ' -biphenol  (2,2 '-dihydroxy- 
d ipheny l ) ,  obtained by f u s i o n  w i t h  c a u s t i c  potash.  This compound is used i n  the  manu- 
f a c t u r e  of d i s i n f e c t a n t s  and p e s t i c i d e s .  

Acenaphthene 

The acenaphthene c o n t e n t  of  crude tar is  about  0.5%. However, l a r g e r  
q u a n t i t i e s  may be found i n  c o a l  tar  d i s t i l l a t e s  because acenaphthene is  one of those 
few compounds which may be formed i n  t a r  du r ing  d i s t i l l a t i o n .  The amount formed i n  
t h i s  way may b e  equa l  t o  t h a t  o r i g i n a l l y  p r e s e n t  and t h e  n e t  acenaphthene content  of  
c o a l  tar  i s  about 1%, roughly the  same as  dibenzofuran.  Like f luo ran thene  it is 
e a s i l y  p u r i f i e d  by c r y s t a l l i z a t i o n  of the appropr i a t e  d i s t i l l - a t i o n  f r a c t i o n  and t h e  
t e c h n i c a l  grade is u s u a l l y  97-98% pure.  

The chemical r e a c t i o n s  which r e s u l t  i n  the  product ion of secondary ace- 
naphthene a r e  no t  compIetely understood. The most l i k e l y  r e a c t i o n  would be the  de- 
hydrogenat ion of 1 ,8-dimethylnaphthaiene bu t  since t h i s  cannot be demonstrated quan t i -  
t a t i v e l y ,  it must be assumed t h a t  t h e r e  are oeher  compounds i n  c o a l  tar which are COP- 

ve r t ed  t o  acenaphthene by h e a t .  

Like pyrene,  acenaphthene belongs t o  t h e  class of aromatics  t h a t  have been 
used as s t a r t i n g  materials f o r  d y e s t u f f s ,  but  on a scale which consumes only a f r ac -  
t i o n  of  t h a t  which could be produced. 

By means of c a t a l y t i c  gas-phase dehydrogenat ion,  acenaphthene can be con- 
ve r t ed  t o  acanaphthylene,  which can be e a s i l y  polymerized wi th  peroxide c a t a l y s t s .  
Like co-polymers con ta in ing  acenaphthylene,  t he  polyacenaphthylenes are noted 



c h i e f l y  f o r  t h e i r  good e l e c t r i c a l  p r o p e r t i e s  and h i g h  mel t ing  p o i n t s  but  have not y e t  
a t t a i n e d  p r a c t i c a l  importance. A high  y i e l d  of n a p h t h a l i c  anhydride is obtained f r 3 m  
acenaphthene by c a t a l y t i c  gas-phase o x i d a t i o n .  Naphthal ic  anhydride has been used 
c h i e f l y  i n  the  manufacture of d y e s t u f f s .  A t  a lower pr ice  it could probably be used 
f o r  t h e  product ion of s y n t h e t i c  r e s i n s .  

On t h e  whole, t h e  market out look for acenaphthene is more favorable  than 
f o r  i t s  two by-products ,  d ibenzofuran  and f l u o r e n e .  To reduce product ion  c o s c s  3s 
f a r  a s - p o s s i b l e ,  e f f o r t  must be concsnt ra ted  on f i n d i n g  uses f o r  s u b s t a n t i a l  q u a n t i c i e s  
of a l l  t h r e e  compounds. 

Indene 

Indene, t h e  lowes t -boi l ing  of the  most abundant c o a l  tar  c o n s t i t x e n t s ,  is 
t h e  r e v e r s e  of acenaphthene s o  f a r  as r e c o v e r a b i l i t y  is concerned. The primary indens 
conten t  of tar  is almost  1 p e r  c e n t .  But i n  c o u n t e r - d i s t i n c t i o n  t o  acenaphthene, the 
amount of which i n c r e a s e s  d u r i n g  d i s t i l l a t i o n ,  t h e  amount of indene is decreased be- 
cause a t  high temperatures  and i n  t h e  presence of hydrogen it is e a s i l y  converced i n t o  
indan.  The e x t e n t  t o  which t h e  indene conten t  is reduced and indan formed depends on 
the  type  of d i s t i l l a t i o n  p r o c e s s ;  t h e  longer  and h igher  t h e  temperature  a t  which t h e  
t a r  conta in ing  indene is  h e a t e d ,  t h e  g r e a t e r  the  r e d u c t i o n  of  indene c o n t e n t .  Cnder 
unfavorable  c o n d i t i o n s ,  more than  50 per  c e n t  of the  o r i g i n a l  indene c o n t e n t  of  the 
t a r  may be l o s t .  S ince  indene is more v a l u a b l e  t h a n  indan because of its h igher  KE-  

a c t i v i t y ,  t h e  hydrogenat ion of indene is an ex t remely  u n d e r s i r a b l e  r e a c t i o n . .  

Indene cannot  be c l a s s e d  as one of those c o a l  t a r  c o n s t i t u e n t s  which has 
no p r a c t i c a l  use a t  t h i s  t i m e  even though i t  is not  i s o l a t e d  and used as such. Tn- 
dene is the  p r i n c i p a l  c o n s t i t u e n t  o f  coumarone r e s i n s .  These wocld more accura te ly  
be c a l l e d  indene r e s i n s .  

Because of i t s  r e l a t i v e l y  h igh  f r e e z i n g  point--(-1.6'C) pure indene can b e  F r c -  
pared from t h e  a p p r o p r i a t e  d i s t i l l a t i o n  f r a c t i o n  by extreme c o o l i n g ,  E m e v e r ,  i n  
sp i t e  of t h e  many uses proposed f o r  i t ,  pure indene i s  n o t  important  commercially, 

In a d d i t i o n  t o  t h e  l a r g e  volume c o n s t i t u e n t s  of c o a l  t a r  s o  f a r  d i scussed ,  
t h e r e  a r e  many o t h e r  m a t e r i a l s  a v a i l a b l e  i n  reasonably  l a r g e  amounts, which l ikewise  
have not  a t t a i n e d  commercial s i g n i f i c a n c e .  The most important  of t h e s e  appear  i n  
t h e  fo l lowing  t a b l e .  

Table 11 

Important  Coal T a r  C o n s t i t u e n t s  

Compound 
Diphenyl 
I n d o l e  
2-Phenylnaphthalene 
I s o q u i n o l i n e  
Quinaldine 
Acr id ine  
Phenant h r  i d  i n e  
7,8-Benzoquinol i n e  
Thianap h t  hene 
Diphenylene Sulphide 

Content  of Coal Tar  ( P e r  Cent! 

0.4 
0,2  
0 . 3  
0 .2  
0 . 2  
0.6 
0 .2  
0 . 2  
0 . 3  
0.3 
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Diphenyl 

The d iphenyl - indole  f r a c t i o n  occurs  between the  methyl- and dimethyl-  
naphthalene f r a c t i o n s .  Recovery s f  diphenyl  and indole  i s  convenient ly  combined 
w i t h  the  methylnaphthalenes.  

Diphenyl is wel l  known as a c o n s t i t u e n t  of h e a t  t r a n s f e r  o i l s .  The e u t e c t i c  
mixture  of diphenyl  and d iphenyloxide  is s o l d  under the t r a d e  names "Dowtherm A" ana 
"Diphyl" . 

Diphenyl is a l s o  used as a p r e s e r v a t i v e ;  f o r  example, c i t rus  f r u i t  wrappers 
are f r e q u e n t l y  impregnated w i t h  d iphenyl .  It should b e  mentioned t oo  t h a t  diphenyl  
i s  t h e  b a s i c  subs tance  o f  t h e  benz id ine  d y e s t u f f s ,  though they are normally produced 
from o t h e r  s t a r t i n g  materials. 

Contrasted w i t h  what could be produced, very  l i t t l e  c o a l  tar  diphenyl  is used 
commercially. Coal tar  d iphenyl  is under a handicap because d iphenyl  is a v a i l a b l e  
from o t h e r  sources .  It i s  obta ined  as  a by-product i n  t h e  s y n t h e s i s  of phenol by 
t h e  c h l o r i n a t i o n  process  and it can  be made by t h e  p y r o l y s i s  of benzene. The d i -  
phenyl market ,  t h e r e f o r e ,  is d iv ided  between t h a t  recovered from c o a l  t a r  and t h a t  
made s y n t h e t i c a l l y .  

I n d o l e  

I n d o l e ,  t h e  n i t r o g e n  analog of indene,  i s  one of t h e  most i n t e r e s t i n g  con- 
s t i t u e n t s  of  c o a l  t a r .  S e p a r a t i o n  of indole  and d iphenyl  i s  not  p o s s i b l e  by simple 
d i s t i l l a t i o n  because t h e  two compounds have vapor p r e s s u r e  curves which l i e  c lose 
toge ther  and a l s o  form an a z e o t r o p i c  mixture .  The b o i l i n g  p o i n t  of the  diphenyl-  
indole  azeotrope is a f e w  degrees  lower than t h e  pure products  ( b o i l i n g  p o i n t s  a t  
one atmosphere: i n d o l e ,  2 5 4 . 7 O C ;  diphenyl ,  2 5 5 . 6 O C ) .  S e p a r a t i o n  of indole  and d i -  
phenyl is achieved by tak ing  advantage of t h e  s l i g h t a c i d i t y  of  t h e  imide group and 
i s o l a t i n g  t h e  indole  from t h e  diphenyl  f r a c t i o n  v i a  i ts  potassium compound by fus ion  
wi th  c a u s t i c  potash.  Diphenyl then  can be recovered from the  i n d o l e - f r e e  oil by f rac-  
t i o n a t i o n  and c r -  ! t a l l i z a t i o n .  

4 

Another method of s e p a r a t i n g  t h e  two compounds is by t h e  a d d i t i o n  of a t h i r d  
component, d i e t h y l e n e  g l y c o l .  Azeotropic  mixtures  o f  d iphenyl -d ie ihylene  g l y c o l  and 
indole-d ie thylene  g l y c o l  b o i l  cwelve degrees  a p a r t ;  under normal p r e s s u r e  they  b o i l  
a t  230.4OC and 242.6"C r e s p e c t i v e l y  ( u n c o r r e c t e d ) .  In t h i s  case, t h e  a z e o t r o p i c  e€-  
f e c t  i s  s o  pronounced t h a t  s e p a r a t i o n  by d i s t i l l a t i o n  does not r e q u i r e  p s r t i c u l s r i y  
e f f i c i e n t  columns. 

I n d o l e  is used commercially i n  s e v e r a l  f i e l d s  of  chemis t ry .  A s  might be 
expected from i t s  occurrence  i n  n a t u r e  as a c o n s t i t u e n t  of jasmine and orange blossom 
o i l s ,  i t  has long been used as a perfume f i x a t i v e .  The e x t r a c t i o n  o f  indole  from 
c o a l  t a r  i n  a s t a t e  of p u r i t y  which s a t i s f i e s  t h e  perfume manufacturers  is a chemical 
achievement s i n c e  even  t r a c e  amounts of  impuri ty  w i l l  f a l s i f y  t h e  aroma. 

Indole  is a s t a r t i n g  material f o r  growth-promoting subs tances  and f o r  amino 
a c i d s .  3 - Indoleace t ic  a c i d  ( indole-3-ace t ic  a c i d )  is one of t h e  f i r s t  growth-promoters 
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used.  
d e n s a t i o n  of i n d o l e  w i t h  formaldehyde and hydrochlor ic  a c i d  fol lowed by condensat ion 
wi th  potassium cyanide and hydro lys is  of  t h e  r e s u l t i n g  n i t r i l .  
p ropionic  a c i d ,  known a s  t ryptophane,  i s  a n  i n t e g r a l  component of many types of  pro- 
t e i n  and one of  t h e  v i t a l  amino a c i d s .  3-(Dimethylaminomethyl)-indole (gramine) ,  
obtained by a Mannich React ion of  i n d o l e  w i t h  formaldehyde and dimethylamine,  is an 
i n t e r m e d i a t e  in t h e  s y n t h e s i s  of t ryptophane.  Tryptophane is made by r e a c t i n g  gramine 
w i t h  acetaminomalonic ester and subsequent  s a p o n i f i c a t i o n .  

I t  is  known commercially as heteroauxin.  One way of  making i t  i s  by t h e  con- 

Alpha-amino-3-indole- 

Although t h e  q u a n t i t y  of indole  used is s t i l l  small, improvement i n  t h e  re- 
covery process  in  r e c e n t  years  has  r e s u l t e d  i n  s t e a d i l y  increased  s a l e s .  P o s s i b i l i t i e s  
f o r  indole  are not  a t  a l l  exhausted w i t h  t h e  uses  mentioned. I n t e r e s t i n g  in te rmedia tes  
€or  d y e s t u f f s  and drugs can be made by r e a c t i n g  t h e  hydrogen atom a t t a c h e d  t o  t h e  n i -  
t rogen .  Of course ,  t h e  r e l a t i v e l y  small amounts of i n d o l e  i n  c o a l  tar  and t h e  compli- 
c a t e d  methods f o r  e x t r a c t i n g  and p u r i f y i n g  i t  w i l l  never  permi t  a p r i c e  comparable t o  
mass-volume products ,  bu t  i t  i s  hoped t h a t  t h e  r e c e n t  advances i n  t h e  p r e p a r a t i o n  of 
i n d o l e  w i l l  l e a d  t o  a g r e a t e r  use  of t h i s  i n t e r e s t i n g  compound. 

2-Phenylnaphthalene 

Unlike i n d o l e ,  2-phenylnaphthalene is a subs tance  about  which l i t t l e  can be 
s a i d .  Recent ly  it was found t h a t  t h i s  compound, former ly  c l a s s e d  among t h e  r a r e  con- 
s t i t u e n t s ,  a c t u a l l y  i s  r a t h e r  abundant i n  c o a l  tar  and can be recovered i n  r e l a t i v e l y  
l a r g e  amounts. The 2-phenylnaphthalene f r a c t i o n  b o i l s  below f l u o r a n t h e n e ,  s o  i t s  
recovery must be combined w i t h  t h a t  o f  f luoranthene  and pyrene.  S i n c e  t h e r e  i s  no 
demand, 2-phenylnaphthalene i s  p r e s e n t l y  produced only i n  l a b o r a t o r y  q u a n t i t i e s .  I f  
a demand should develop t h e  methylphenanthrenes,  which b o i l  below phenylnaphthalene,  
would become more a c c e s s i b l e .  There are c o n s i d e r a b l e  q u a n t i t i e s  o f  these  i n  t a r .  

i soquinol ine /Quina ld ine  

As a l r e a d y  mentioned, t h e  only  c o a l  tar  bases  p r e s e n t l y  being used t o  any 
e x t e n t  cormnercially are p y r i d i n e ,  p y r i d i n e  homologues and q u i n o l i n e .  The problem of 
s e p a r a t i n g  tar  bases from t h e i r  co-products i s  even g r e a t e r  than  i n  t h e  case of t h e  
n e u t r a l  hydrocarbons. Crude bases  are e x t r a c t e d  from t h e  a p p r o p r i a t e  d i s t i l l a t i o n  
f r a c t i o n  by means of mineral  a c i d  from which they are subsequent ly  l i b e r a t e d  by t h e  
a d d i t i o n  of c a u s t i c  soda.  Because of t h e  complex n a t u r e  of t a r ,  d i s t i l l a t i o n  f r a c -  
t i o n s  do  n o t  c o n t a i n  only  t h e  p a r t i c u l a r  tar  base d e s i r e d .  F u r t h e r ,  t h e  formation 
of a z e o t r o p i c  mixtures  between t h e  hydrocarbons and t h e  tar  bases  causes  t h e  l a t t e r  
t o  be d i s t r i b u t e d  over  a broad d i s t i l l a t i o n  range.  Thus t h e  e x t r a c t i o n  process  in-  
v a r i a b l y  y i e l d s  f r a c t i o n s  which a r e  mixtures  o f  s e v e r a l  compounds. 

I s o q u i n o l i n e  and quina ld ine  a r e  the  most important  compounds which occur 
w i t h  q u i n o l i n e  i n  t h e  q u i n o l i x  f r a c t i o n .  S ince  they  b o i l  above q u i n o l i n e  they 
occur  i n  t h e  d i s t i l l a t i o n  res idue  from which they  could be recovered i f  a demand 
f o r  them were t o  develop.  

Table  111 

B.P. a t  Atmospheric 
P r e s s u r e  - O C  

Quinol ine 237.3 
I s o q u i n o l i n e  242.8 
Quinaldine 246.9 



There is e x t e n s i v e  l i t e r a t u r e  on the chemical r eac t ions  of i soqu ino l ine  
and qu ina ld ine .  I s o q u i n o l i n e  is used as an a u x i l i a r y  s o i v e n t  i n  dyeing and as a 
s t a r t i n g  product i n  the  p r e p a r a t i o n  of i soqu ino l ine  red and o t h e r  cyanine d y e s t u f f s ,  
photographic  s e n s i t i z e r s ,  d r u g s ,  p e s t i c i d e s ,  and v u l c a n i z a t i o n  a c c e l e r a t o r s .  Quin- 
a l d i n e  can be used f o r  similar purposes .  The most important quinaldine d y e s t u f f s  
i nc lude  qui'noline yel low,  q u i n o l i n e  r ed ,  and e t h y l  r e d ,  a s  w e l l  as s e n s i t i z i n g  dyes.  
Quinaldine can a l s o  b e  used a s  an  i n h i b i t o r  f o r  metals and a s  a seed d i s i n f e c t a n t .  
Although both t h e s e  compounds could be produced i n  cons ide rab le  volume, none of the 
uses  has  reached s i g n i f i c a n t  s i z e .  

Acr id ine  Phenanthr idine 7,8-Benzoquinoline 

The t h r e e  nost  important  and most ea s i ly  recovered t a r  bases i n  anthracene 
o i l  a r e  a c r i d i n e ,  phenan th r id ine ,  and 7,8-benzoquinol ine.  

Acridine is t h e  best-known and occurs  i n  the  l a r g e s t  amount. None of  t he  
t h r e e  bases  has a s  y e t  been used on l a r g e  s c a l e ,  a l though i n t e r e s t  i n  a c r i d i n e  has 
been inc reas ing  r e c e n t l y .  

Acridine is  i n  p o i n t  of f a c t  the base of numerous d y e s t u f f s  and d rugs ;  
b u t  a c r i d i n e  d y e s t u f f s  are u s u a l l y  manufactured from 1,3-diaminobenzene and a l i -  
p h a t i c  o r  aromatic a ldehydes.  Even t h e  syn theses  of such well-known a c r i d i n e  d e r -  
i v a t i v e s  as the drugs T r y p a f l a v i n  (3,6-diamino-l0-methylacridinium c h l o r i d e )  and 
Rivanol (2-ethyoxy-6 ,g-diaminoacridine)  do  no t  u sua l ly  involve a c r i d i n e .  

The e x t e n t  t o  which 7,8-benzoquinol ine occurs  i n  coa l  t a r  has only been 
r e a l i z e d  r ecen t ly .  I t s  o n l y  use a t  the  p r e s e n t  t i m e  is i n  the  s e p a r a t i o n  of meta 
and para c r e s o l  in gas chromatography. As with a c r i d i n e ,  s e v e r a l  drugs can be  de- 
r ived  from phenanthr idine;  f o r  example, qua r t e rna ry  s a l t s  of diaminophenanthridinium 
s e r i e s  have good t rypanoc ida l  p r o p e r t i e s .  

Because of l i m i t e d  demand and t h e  r e s u l t i n g  h igh  c o s t s  of producing ve ry  
sma l l  batches of chese compounds, t h e  p r i c e s  of a c r i d i n e ,  phenanthr idine,  and 7 ,8 -  
benzoquinoline are s t i l l  h igh .  Product ion on a l a r g e r  scale--and t h e  amounts of raw 
m a t e r i a l  a r e  very adequate  f o r  this--would reduce c o s t s  cons.iderably. 

Thianaphthene Dibenzothiophene (Diphenylene S u l f i d e )  

Thianaphthene and dibenzothiophene are t h e  m o s t  abundant s u l f u r  compounds 
found i n  coal  t a r .  Thianaphthene is  recovered wi th  naphthalene,  and t h e  two can be 
sepa ra t ed  only wi th  d i f f i c u l t y  because of t h e i r  c l o s e  b o i l i n g  po in t s  ( b o i l i n g  po in t s  
a t  one atmosphere: naphthalene 217.9"C; thianaphthene,  218.8"C). The formation of 
mixed c r y s t a l s  f u r t h e r  complicates  the s e p a r a t i o n .  

The s e p a r a t i o n  o f  phenanthrene and dibenzothiophene,  t h e  su lphur  bear ing 
compound t h a t  occurs  w i t h  i t ,  is no t  a s  d i f f i c u l t .  The d i f f e r e n c e  i n  b o i l i n g  p o i n t s  
i s  greater--(331.4'C; phenanthrene 336.5"C) and s e p a r a t i o n  by d i s t i l l a t i o n  i s  more 
e f f e c t i v e .  Since dibenzothiophene d i s t i l l s  j u s t  p r i o r  t o  phenanthrene, t h e  l imi t ed  
market f o r  phenanthrene has  r e s t r i c t e d  t h e  amount of dibenzothiophene recovered. 



Both thianaphthene and d ibenzo th io thene  could be r ecove red ,  from c o a l  tar  
i n  s u b s t a n t i a l  amounts bu t  i t  must be remembered t h a t  the c o s t  would be high even i f  
they were recovered on l a r g e  s c a l e .  

Up t o  the p r e s e n t ,  very l i t t l e  u s e  has been found € o r  t h e s e  two compounds. 
Thianaphthene has been used t o  some e x t e n t  i n  t h e  manufacture of d r u g s .  Other pro- 
posed u s e s  a r e  the product ion of t h io ind igo id  d y e s t u f f s  and h e r b i c i d e s  from thianaph- 
thene and p rese rva t ives  wi th  a f u n g i c i d a l  and b a c t e r i c i d a l  e f f e c t  from dibenzothio-  
phene. None has  p r a c t i c a l  s i g n i f i c a n c e .  

Besides t h e  substances which have been d i scussed  t h e r e  are numerous o the r  
compounds t h a t  can be obtained from c o a l  tar  i n  r e l a t i v e l y  l a r g e  q u a n t i t i e s  i f  needed. 
However, i t  should b e  remembered t h a t  t h e  recovery and p u r i f i c a t i o n  problem becomes 
more complicated as t h e  concen t r a t ion  of  t h e  d e s i r e d  compound i n  t h e  tar  dec reases .  
The economics of the processes  are a f f e c t e d  acco rd ing ly .  

A t t e n t i o n  is drawn t o  t h e  dimethylnaphthalene f r a c t i o n ,  which c o n s t i t u t e s  
about 2 p e r  c e n t  of t h e  tar  and l ies  between t h e  diphenyl  and acenaphthene f r a c t i o n s .  
To d a t e ,  t he  fol lowing n ine  dimethylnaphthalenes have been i d e n t i f i e d  i n  c o a l  tar :  

1,6- and 2,6-Dimethylnaphthalene can be recovered r e l a t i v e l y  e a s i l y ,  but 
t h e  i s o l a t i o n  of t h e  o t h e r  compounds is ve ry  c o s t l y  and complicated.  

Anthracene o i l  has  two i n t e r e s t i n g  methylhomolog f r a c t i o n s :  f i r s t ,  pre-  
ceding t h e  phenanthrene f r a c t i o n  is t h e  methyl f l u o r e n e  f r a c t i o n  which accounts  €or  
1.8 per cen t  of  the t a r  and inc ludes  1-, 2- ,  3- ,  4- ,  and 9-methylf luorene;  and 
secondly,  fol lowing t h e  ca rbazo le  f r a c t i o n ,  t h e  methylphenanthrene f r a c t i o n  which 
accounts  f o r  1 .8  p e r  cen t  of t he  tar  and c o n s i s t s  mainly of 1-, 2-,  3-,  and 9-methyl- 
phenanthrene as w e l l  a s  4,5-methylenephenanthrene. The benzofluorene f r a c t i o n ,  being 
the  h i g h e s t  b o i l i n g  p o r t i o n  of t h e  an th racene  o i l ,  a l s o  dese rves  mention. D i s t i l l i n g  
a f t e r  t h e  f luoranthene f r a c t i o n ,  i t  accounts  €o r  1 . 6  p e r  c e n t  of t h e  tar  and c o n s i s t s  
mainly of 1,2- ,  2,3- ,  and 3,4-benzofluorene,  as w e l l  a s  5 ,12 -d ihydro te t r acene .  

The coa l  t a r  p i t c h  f r a c t i o n s  o f f e r  a l a r g e  r e s e r v o i r  of quadr inuc lea r  and 
mul t inuc lea r  aromatics .  These need no t  be d i scussed  because even though some p i t c h  
c o n s t i t u e n t s  can be recovered i n  l a r g e  q u a n t i t i e s ,  t h e i r  s e p a r a t i o n  is  b e s e t  by d i f -  
f i c u l t i e s  which would p rec lude  the  p o s s i b i l i t y  of  cheap p roduc t ion  even i n  volume. 
Reference-has been made a l r e a d y  t o  t h i s  problem under  t h e  d i s c u s s i o n  of chrysene.  



126. 

Bulk tar constituents, with the exception of 1- and 2-methylnaphthalene, 
are all unsubstituted, binuclear and multinuclear aromatics which include only cwo 
heterocyclic compounds, dibenzofuran and carbazole. Special attention has been 
focused on fluoranthene which up to now has not received adequate attention, despite 
the fact that next to naphthalene and phenanthrene it is the most abundant constituent 
of coal tar: 

This has been a review of coal tar products which could be made available 
in substantial quantities if a demand for them were created. The data show that very 
few aromatics, even those which are readily accessible, are presently used as pure 
products--or stating this thought in another way--there is a very large source of raw 
material available which has not yet been exploited. 
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I @  1.12129 A 2 

Fig.  22 

Fig .  

F ig .  24 

I 



135 

._ 

h 

M.P - 1.6OC 

8 . P  183-1 O C  

I N D E N E  1.12130 A 2  

M.P 70.5OC 

B.i? 2 5 5 . 6 O C  

1.12132A: @ I  DIPHENYL 

M.F? 5 3 o c  

B.P 2 5 4 . 7 O C  

H 

I N D O L E .  1 1.12133 A :  

Fig. 25 

F i g .  26 

Fig .  27 



136. 

H H 
Indole 3-lndolylacctonitrilc 

fication saponi- Q--J:H~co~H 

H 
3-lndolylacetic acid 

( Heteroauxin 1 
1.12134A2 

I n d o l e  t r a m i n e  

H 
l r y p l o p h a n c  

@ 1 S Y N l H f S I S  OF T R Y P T O P H A N E  FROM I N D O L E l  l . l t 1 3 5 A 1  

w 

@ 1 2-PHENYLNAPHTHALENE I 1 . 1 2 1 3 6 ~ 2  

F i g .  28 

F i g .  29 

F i g .  30 

1 
,'I 

..A 
J 
1 

1 

1 

i 



\ 

i 

f 

M.P '26 .5  OC 

B . P Z L 2 . 8 O C  

lsoquinoline aNIcH3 M.P - 2 ' C  

B.P 2 4 6 - 9 O C  

Quinaldine 

M.P 1 1 1 ° C  

e.!? 3 4 3 . 9  o c  

Acridine 

MI? S2OC 8 M.P 107OC @ 
B.P 3 4 0 . 3 " C  9 . P  3 4 9 . 5 - c  

Phenanthridine 7.8 -8enroquino l ine 

1.121 38 A 2  

M.I? 3 1  OC 

e.!? 2 1 8 . 8 9 C  

Thionaphthen 

M.P 9 7  O C  

B.P 3 3 1 . L o C  

Dibenzthiophene 

1.12 139 A 2 

F i g .  31 

Fig. 32 

Fig.  33 

,/-- 



136. 

@ OIMETHYLNAPHTHALENES FOUND ,,lZICOnZ 
IN COAL TAR 

1 

Fig. 34 


